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ABSTRACT 
 

Rheumatoid arthritis (RA) is a clinically heterogeneous condition with a wide spectrum of 
clinical manifestations, great variability in severity and disease progression rate. Thus, it 
is important to define new genetic and immunological markers, which could be useful for 
sub-grouping of RA, and for new targeted therapies. The dendritic cell immunoreceptor 
(DCIR) is a candidate molecule that is expressed on many different immune cells. DCIR 
deficiency in the mouse leads to development of autoimmune disorders, and genetic 
variations in the human DCIR gene are associated with RA. Thus DCIR is an immunity-
related protein that could be a target for future therapeutic settings. 
 
We have demonstrated that DCIR is widely expressed on many different immune cells in 
the rheumatic joint. Interestingly, we detected DCIR expression on a small subpopulation 
of T cells, and these DCIR+ T cells displayed different phenotypes depending on 
compartment of residence. In circulation, DCIR+ T cells were found to be either naïve or 
activated cells with cell-surface markers enabling entry into the lymph node. DCIR+ 
memory T cells in the joint were either CD62L+ or CD62L-. Interestingly, the most 
pronounced population, the CCR7-CD62L- DCIR+ T cells, was virtually missing in 
blood. The DCIR+ T cells in both blood and synovial fluid, co-expressed FOXP3, but 
with minimal overlap with the classical Treg marker CD25. Our data suggest that the 
DCIR+FOXP3+CD25low T cells could represent a unique subset of Tregs in the rheumatic 
joint. 
 
The human DCIR gene is located in chromosome 12p13, a region that has been associated 
with inflammatory disorders. In total 35 SNPs were used to target five type II C-type 
lectin genes located in an evolutionary conserved gene complex, named antigen-
presenting lectin-like receptor complex (APLEC). One haplotype, defined by five SNPs 
located in two recombination blocks covering DCIR and flanking regions, show 
significant association with a subgroup of the disease characterized by the absence of anti-
citrullinated protein antibodies (ACPA). Moreover, we demonstrate that variations in the 
gene displayed significant association with DCIR mRNA expression levels. Cells with the 
RA-associated allele of rs2024301 showed a significant increase in the expression of one 
of the DCIR transcripts. Shifting the balance of expression of different DCIR isoforms, 
could be one way of regulating DCIR function in the cells.  
 
In conclusion, our genetic and immunological studies indicate the significance of DCIR in 
immune signalling pathways and relation to the development of inflammation. 
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POPULÄRVETENSKAPLIG SAMMANFATTNING 
 

Reumatoid artrit (RA), ofta kallad ledgångsreumatism, är en sjukdom där inflammation 
i leden bidrar till att brosk och ben förstörs, vilket på sikt kan orsaka smärta, nedsatt 
ledfunktion och begränsad rörelseförmåga. RA är en väldigt komplex sjukdom där både 
gener och miljö bidrar till sjukdomsutvecklingen. DCIR är en molekyl som man hittar 
på cellytan på många olika sorters inflammatoriska celler. En genetisk studie på möss 
har också visat att DCIR är en molekyl som är involverad i utvecklingen av 
autoimmuna sjukdomar. Genom ökad förståelse hur olika inflammatoriska celler och 
immunologiska signalvägar bidrar till sjukdomsförloppet har nya behandlingar kunnat 
utvecklas. Genom att också hitta nya gener som är involverade i sjukdomsutvecklingen, 
kan man även försöka dirigera framtida behandlingar mot genterapi och mer 
individbaserade behandlingar. 
 
Syftet med den här avhandligen var att med hjälp av genetiska och immunologiska 
metoder undersöka om DCIR är med och bidrar till utvecklingen av RA. 
 
Vi fann att DCIR finns på många olika immunceller i den inflammerade leden hos RA- 
patienter. Intressant nog upptäckte vi att DCIR även finns på en liten delpopulation av 
T-celler. T-celler är vita blodkroppar som kan orsaka mycket skada om de aktiveras vid 
fel plats och fel tidpunkt. Vi kunde konstatera att de DCIR+ T-cellerna såg lite olika ut 
beroende på om de härstammar från blod eller från den vätska som omger en 
inflammerad led. I blodet fanns det både oaktiverade och aktiverade DCIR+ T-celler, 
medan i ledvätskan var de DCIR+ T-cellerna främst aktiverade T-celler. Vi kunde även 
konstatera att de DCIR+ T-cellerna också uppvisade FOXP3 i cellkärnan, en molekyl 
som används för att detektera regulatoriska T-celler. Våra resultat tyder på att de 
DCIR+ T-cellerna i leden kan vara en unik population av regulatoriska T celler. 
 
I våra genetiska studier undersökte vi 35 variationer i DCIR genen och fyra 
intilliggande gener. Vi fann att en grupp, bestående av 5 variationer, var placerad i 
DCIR genen och att denna grupp av variationer var kopplad till en liten grupp av RA 
patienter som saknar autoantikroppar. Man vet att DCIR genen kan producera 5 
varianter av mRNA. Vi kunde se att variationer i DCIR genen kunde påverka vilka 
mRNA varianter som producerades. Genom att producera olika sorters mRNA, vilket 
leder till att DCIR proteinet ser lite olika ut, kan vara ett sätt att reglera eller ändra 
funktionen av DCIR proteinet i cellen. 
 
Sammanfattningsvis, har vi visat att DCIR kan vara en viktig molekyl i utvecklingen av 
RA och i signalvägar kopplade till reglering av immunsystemet. 
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BACKGROUND 
 

Many diseases including rheumatoid arthritis, systemic lupus erythematosis, multiple 

sclerosis and type-1 diabetes, are described as auto immune disorders or immune-

mediated inflammatory diseases (IMIDs) where the immune system reacts to a 

substance that it normally would ignore. Understanding of the immunological pathways 

that take part in the pathogenesis of IMIDs, have delivered new biological therapies 

based on knowledge about cytokines, T lymphocytes and B lymphocytes. By defining 

new genes that are involved in the development of IMIDs, the progress of future 

therapies could also be directed towards gene therapies and individualized treatment. 

 

In this thesis, paper I, II and IV included only rheumatoid arthritis (RA) patients, while 

in paper III the major patient group was RA, but included some patients with other 

inflammatory rheumatic disease. Therefore, I will throughout this thesis focus on RA, 

the most common inflammatory arthritis. 

 

 

RHEUMATOID ARTHRITIS 
 

The name Rheumatoid arthritis (RA) is based on the term "rheumatic fever", an illness 

which includes joint pain and is derived from the Greek word rheumatos ("flowing"). 

The suffix -oid ("resembling") gives the translation as joint inflammation that 

resembles rheumatic fever. RA is a common rheumatic disease, affecting 

approximately 0.5-0.7% of the Swedish population, and it is two to three times more 

common in women than in men. The disease can begin at any age, but starts most often 

between the age of 40 and 60 (Rantapaa-Dahlqvist et al., 2005). RA is an inflammatory 

disease that causes chronic inflammation of the joints. It can lead to long-term joint 

damage, resulting in chronic pain, loss of function and disability. RA can also cause 

inflammation of the tissue around the joints, as well as in other organs in the body, such 

as lung, heart and skin to name a few (Wollheim, 1998). The disease is a clinically 

heterogeneous condition with a wide spectrum of clinical manifestations, great 

variability in severity and disease progression rate, and different responses to a range of 
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therapies (Rose, 1998, Emery et al., 2008). The effects of RA can therefore vary from 

person to person. In fact, there is a common standpoint that RA is not one disease, but 

rather several different diseases that share common symptoms. Thus, it is important to 

define genetic and physiological characteristics, which could be useful for sub-

grouping of RA, for diagnostic and treatment purposes. To date, no cure exists for RA. 

However, available therapies are focused on repressing the inflammation in order to 

prevent destruction of the joints, and to prevent other complications of the disease 

(Emery et al., 2008).  

 

 

PATHOLOGY 
RA can begin very gradually, or it can strike quickly. The first symptoms are pain, 

swelling, and stiffness in the joints. RA can start in any joint, but most commonly 

begins in the smaller joints of the fingers, hands and wrists. The joints are affected in a 

symmetrical fashion, that is, if the right wrist is involved, the left wrist is often involved 

too (Rantapaa-Dahlqvist et al., 2005). In the joint, an unknown factor(s) triggers the 

immune system to react against cell or tissue antigens with the production and release 

of cytokines that induce local inflammation (FIGURE 1). 
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FIGURE 1. A schematic picture of how the immune system commences joint inflammation.  

 

The synovial membrane, usually being thin and delicate now becomes thickened, due 

to promoted cell proliferation and induced angiogenesis. Immune cells, such as 

monocytes, macrophages, B cells and activated T cells, invade the joint tissue and 

synovial fluid where they start the production of a variety of enzymes, cytokines, 

chemokines and chemoattractans (Sweeney et al., 2004). With these changes in the 

joint environment, the synovial membrane develops into a pannus, a proliferative 

inflammatory tissue that gradually invades cartilage and bone and commences their 

destruction (Rose, 1998).  

 

The criteria for diagnosis of RA were stated by the American Collage of Rheumatology 

1987 and are summarized in TABLE 1 (Arnett et al., 1988). Patients fulfilling at least 

four of the seven criteria are classified as having rheumatoid arthritis. 
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Table 1.  The 1987 American Collage of Rheumatology classification criteria for RA

CRITERIA DEFINITION
1. Morning stiffness Lasting at least one hour before improvment.

2. Arthritis of three or more joint areas At least three joint areas simultaneously with soft 
  tissue swelling or fluid. 14 possible areas: left and 

tight proximal interphalangeal (PIP), metacarpo-
phalangeal (MCP), wrist, elbow, knee, ankle and 
metatarsopkhalangeal (MTP) joints.

3. Arhtritis of the hand joints At least one swollen area in a wrist, MCP or PIP joint.
    
4. Symmetry of arthritis Simultaneous involment of the same joint areas 

(defined in 2) on both sides of the body PIP, MCP, or 
MTP joints are acceptable without absolute symmetry.

5. Rheumatoid nodules Subcutaneous nodules over bony prominences, 
extensor surfaces, or juxtaarticular regions.

6. Rheumatoid factor Demonstration of abnormal amounts of serum 
rheumatoid factor by any method for which the results 
have been positive in less than 5% of healthy subjects.

7. Radiographic changes Typical for rheumatoid arthritis on posteroanterior hand
and wrist radiographs. Must include erosions or  
unequivocal to the involved joints.

not to be excluded.

Criteria 1-4 must have been present for at least six weeks. Patients fulfilling at least four of the 
seven criteria are classified as having rheumatoid arthritis. Patients with two clinical diagnoses are 

 
 

INFLAMMATORY CELLS IN THE RHEUMATIC JOINT 
The pathogenesis of RA remains unclear, where T cells, B cells, macrophages, 

neutrophils, dendritic cells and synovial fibroblasts, all play a central role in joint 

inflammation and disease progression. 

 

T cells in the inflamed joint are diverse, including cytotoxic T cells (CD8+), T helper 

(Th) cells (CD4+) and T regulatory (Treg) cells. The T cells occur both in synovial 

fluid and in synovial tissue, where they are present as diffuse cells, clustered in 

lymphoid follicular aggregates or in germinal center-like structures. Recent evidence 

supports the role for Th17 cells, characterized by the production of the IL-17 cytokine, 

which has been detected in both synovial fluid and synovial tissue (Chabaud et al., 

1999, Kotake et al., 1999). Naturally occurring Treg cells have been detected in 

synovial tissue and particularly in synovial fluid, but there is controversy regarding the 

relative number and function of Tregs in the pathogenesis of RA (Cao et al., 2004). 
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Monocytes/macrophages are in abundance in the inflamed joint, both in synovial tissue 

and synovial fluid. They are believed to act as amplifiers of local and systemic 

inflammation, by excess production of cytokines, chemokines, chemoattractants and 

metalloproteinases, which results in recruitment and activation of inflammatory cells, 

eventually leading to joint destruction (Kinne et al., 2000). 

 

In the inflamed joint, the fibroblasts have transformed to a destructive phenotype that 

proliferate and invade joint structures. These aggressive synovial fibroblast, are the 

major source of matrix-degrading enzymes and proinflammatory cytokines which drive 

joint cartilage and bone destruction (Muller-Ladner et al., 2007). 

  

Depending on subset and maturation state, dendritic cells (DC) are likely to participate 

in the pathogenesis of RA in different ways. Inside the inflamed joint, DCs are able to 

take up, process and present antigen locally, and further on produce inflammatory 

mediators, all of which contribute to disease perpetuation (Lutzky et al., 2007). 

 

Even though B cells are a minority in the inflamed joint they are still important in RA 

pathogenesis. They contribute to inflammation by production of RA associated auto-

antibodies such as rheumatoid factor (RF) and anti-citrullinated protein antibodies 

(ACPA); antigen presentation to T cells and thus influencing T cell activation and 

expansion; and secretion of pro-inflammatory cytokines and chemokines. Furthermore, 

successful B cell depletion therapy provide further evidence for the relevance of B cells 

in RA pathogenesis (Andersson et al., 2008, Bugatti et al., 2007, Edwards et al., 2001). 

 

Neutrophils are the dominating cell type in the synovial fluid but exist in scarce 

numbers in the synovial tissue. They are thought to play an active role in cartilage 

destruction by the secretion of cytokines, granule enzymes and reactive oxygen 

metabolites (Edwards et al., 1997). 

 

 

CYTOKINES IN RHEUMATOID ARTHRITIS 
Cytokines regulate a broad range of inflammatory processes and an imbalance of pro-

and anti-inflammatory cytokines can promote autoimmunity, chronic inflammation and 



CARINA EKLÖW 
 
 

 - 6 -

tissue destruction. RA synovial fluid contains large quantities of cytokines secreted by 

macrophages, neutrophils, DCs and synovial fibroblasts e.g. interleukin (IL)-1 , IL-6, 

IL-7, IL-12, IL-15, IL-18, IL-23p19 and tumour necrosis factor (TNF)- . In contrast, 

very few of the cytokines detected in the joint such as IL-2, IL-3, IL-4 and interferon 

(IFN)- , are T cell derived. The cytokine network is extremely complex, where 

cytokines can work alone or in synergy, with different effects on different cell types. 

TNF- , IL-1 and IL-6 are three pro-inflammatory cytokines with great impact in RA 

pathogenesis, where TNF-  is a powerful inducer of inflammation with anti-TNF 

therapy now being used as standard treatment in RA. IL-1 has broad effects that 

influence nearly all cell types with induction of release of many inflammatory stimuli 

such as cytokines, chemokines and prostaglandins matrix metalloproteinases (MMP). 

IL-6 is mainly produced by monocytes and promotes the proliferation and antibody 

production of B cells, but is also important in the induction of Th17 cells, which are 

prominent producers of the pro-inflammatory cytokine IL-17, reviewed in (McInnes et 

al., 2007). 

 

 

AUTOANTIBODIES 
Several autoantibodies have been described in RA, but only two, RF and ACPA, have 

sufficient sensitivity and specificity to be used in clinical practice, reviewed in 

(Klareskog et al., 2008).  

 

Rheumatoid factor (RF) are detectable in 60% to 80% of patients with RA, but can 

also be detected in up to 10% of healthy individuals and in other systemic diseases 

(Steiner, 2007). RF are antibodies that bind the Fc region of the immunoglobulin G 

(IgG) molecule and are usually of the IgM isotype. They are suggested to arise as a 

response to antigen/antibody-complexes, and that they constitute a self-maintaining 

system amplifying the inflammatory process by complement activation and 

interaction with monocytes (Aho et al., 2004, Waaler, 2007).  

 

Anti-citrullinated protein antibodies (ACPA) are highly specific for RA and can be 

detected in up to 80% of the RA patients. Also, they are relatively rare in other 

inflammatory conditions and in healthy individuals (<2%). (Schellekens et al., 1998), 
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(Schellekens et al., 2000, Hoffman et al., 2005). ACPA are antibodies towards 

citrulline-modified antigens. In the citrullination process a positively charged arginine 

is transformed to a neutral citrulline, where the changes of charge, is thought to make 

the protein more prone for degradation by protoelytic enzymes (Gyorgy et al., 2006). 

The physiological function of citrullination is not fully understood, but could lead to 

altered protein folding, enhanced degradation by proteases and exposure of cryptic 

epitopes (Klareskog et al., 2008). 

 

Both RF and ACPA have been demonstrated to predate the onset of disease by 

several years, and they are associated with more severe and more erosive disease 

(Agrawal et al., 2007, Rantapaa-Dahlqvist et al., 2003, Nielen et al., 2004) 

 

 

ENVIRONMENTAL RISK FACTORS 
In theory, susceptibility to RA depends on genetic factors, which may be triggered by 

an environmental event, such as smoking, lifestyle and/or infection. (Klareskog et al., 

2006).  

 

The major environmental factor consistently associated with an increased risk of RA is 

smoking (Silman et al., 1996, Stolt et al., 2003). One interesting aspect of smoking and 

risk for RA is the gene-environment interaction. It has been shown that smoking by 

itself increases the risk for ACPA positive RA, with substantially greater risk in 

individuals being carriers of HLA-DR-B1 shared epitope (SE) alleles (Klareskog et al., 

2006). This interaction was also evident in the development of rheumatoid factor (RF) 

positive RA (Padyukov et al., 2004). This effect is dose-dependent and based on long 

term exposure to tobacco smoke. Subsequently, quitting smoking reduces the risk of 

arthritis with time. 

 

The higher incidence of RA in women, with a peak at 50-65 years of age, has 

suggested a hormonal influence of onset. It has been proposed that androgens protects 

younger men against development of RA and that loss of estrogen at menopause 

elevates the risk for RA in women (Carlsten, 2005). The influence of female 

hormonal changes during pregnancy, breastfeeding and the use of oral contraceptive 
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pill, have been proved to play a role (Brennan et al., 1994, Karlson et al., 2004). It was 

noticed that RA often goes into remission in pregnant women, although symptoms tend 

to increase in intensity after delivery (Silman et al., 1992).  

 

Even though infectious agents such as viruses, bacteria, and fungi have long been 

suspected, none has been proven as risk factors for RA. Diet is another factor that has 

been highlighted as a contributor to the increased risk for RA development. A number 

of dietary factors have been indicative to be of possible relevance, such as diets high in 

caffeine and red meat, and low in fruit and antioxidants, reviewed in (Oliver et al., 

2006). However, this influence is not well defined. Very recently, alcohol 

consumption was demonstrated to have a protective effect in the development of RA 

(Kallberg et al., 2008). In addition, it was shown that alcohol protects mice from the 

development of collagen-induced arthritis (Jonsson et al., 2007). 

 

 

GENETIC RISK FACTORS 
There is strong evidence to support a significant genetic component to the 

susceptibility of RA, although the contribution of specific genes remains poorly 

defined. Evidence from twin studies demonstrates excess disease concordance 

between monozygotic (15%) when compared with dizygotic (3.6%) twins (Silman et 

al., 1993). From such studies, MacGregor and colleges have estimated that the genetic 

contribution to disease susceptibility is about 60% (MacGregor et al., 2000). In 

TABLE 2, RA susceptibility genes are summarized, followed by gene specific 

information below. 
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TABLE 2. Susceptibility genes for rheumatoid arthritis 
GENE ALLELE / SNP CHR. REGION ETHNIC GROUP ACPA STATUS REPLICATED REFERENCE

HLA-DRB1 _0401, _0404 6p21.3 Caucasian Positive Yes For review: 
_0405 Asian Fernando MM, 2008
_0101 Israeli Jews

_03 Negative No Irigoyen P, 2005

PTPN22 C1858T 1p13 Caucasian Positive Yes Begovich AB, 2004
 Asian 

TRAF1/C5 rs3761847 9q33–34 Caucasian Positive Yes Plenge & Seielstad, 2007

STAT4 rs7574865 2q Caucasian UD Yes Remmers EF, 2007
Asian

PADI4 Haplotype 1p36 Asian UD Yes Suzuki A, 2003
 Caucasian

TNFAIP3 rs6920220 6q23 Caucasian Positive Yes WTCCC, 2007
– OLIG3 rs10499194 No Plenge RM, 2007

IRF5 rs3757385 Caucasian Negative No Sigurdsson S, 2007
rs729302 Asian UD No Shimane K, 2008

MHC2TA -168A/G 16p13 Caucasian UD No Swanberg M, 2005
Asian

HTR2A T102C 13q14-q21 Caucasian UD No Kling A, 2007

 No association could be observed in this ethnic group
UD - undetermined  
 

HUMAN LEUCOCYTE ANTIGEN COMPLEX AND THE SHARED EPITOPE  

The most important genetic risk factor for RA was identified in the late seventies 

(Stastny, 1976, Stastny, 1978) and is represented by the human leucocyte antigen 

complex (HLA)-DR molecules. This cluster of genes is located on chromosome 6 

(6p21.3) and is the only region that has been consistently shown to be both linked and 

associated with RA across all populations. RA is associated with specific alleles in 

the beta chain of the DR class II molecule, where all alleles associated to RA are 

characterized by the presence of a conserved short amino acid sequence (QKRAA, 

QRRAA or RRRAA) at position 70 to 74, defined as the shared epitope (SE). The SE 

hypothesis postulates that the SE motif is directly involved in the pathogenesis of RA 

by allowing the presentation of a peptide to arthritogenic T cells (Gregersen et al., 

1987). It has been shown that the degree of association between a certain allele and 

RA varies depending on ethnic group. A further layer of complexity is that 

combinations of SE alleles can carry a greater risk than homozygosity for those 

alleles, reviewed in (Newton et al., 2004). 
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Two independent studies have stated that HLA-DRB1*03 alleles predispose only for 

ACPA negative RA and not for ACPA positive RA (Irigoyen et al., 2005, Verpoort et 

al., 2005). It is not known if this association is attributed to the HLA-DRB1*03 allele 

itself or to other genes that are linked to this locus, such as the HLA class III locus, 

including TNF and lymphotoxin-  (van der Helm-van Mil et al., 2007). 

 

PROTEIN TYROSINE PHOSPHATASE NONRECEPTOR 22 

An association between a genetic variation in the protein tyrosine phosphatase non-

receptor 22 (PTPN22) gene and RA has been demonstrated in several ethnically 

different populations, with a predisposition to ACPA positive RA. PTPN22 has 

emerged as the strongest and reproducible genetic risk factor for RA outside the HLA 

(Gregersen et al., 2005). It has been replicated in all current genome-wide association 

studies in different Caucasian populations (Wellcome Trust Case Control 

Consortium, 2007, Plenge et al., 2005). The PTPN22 gene is located on chromosome 

1p13 and encodes the intracellular protein lymphoid tyrosine phosphatase (LYP). It is 

known to be a powerful inhibitor of T cell activation (Hill et al., 2002), through 

binding to a Csk kinase. The PTPN22 association concerns the minor allele of the 

non-synonymous SNP rs2476601 (C1858T, R620W), and the consequence of this 

amino acid substitution has not yet been fully elucidated, although, it is proposed that 

carriers of the 1858T-allele have reduced capacity for down-regulation of activated T 

cells, due to less efficient binding to Csk. Therefore, it is suggested that these T cells 

would be prone to autoimmunity due to over-reactivity following immune stimulation 

(Begovich et al., 2004). There seems to be a geographic difference in the 1858T-

allele frequencies where the frequency decreases from Northern to Southern Europe, 

from around 12.5% in the English and Finnish populations, to around 6% in the 

Italian and Spanish populations. Additionally, the 1858T-allele is almost absent in 

African American and Asian populations (Orozco et al., 2006). 

 

TNF RECEPTOR-ASSOCIATED FACTOR 1 - COMPLEMENT COMPONENT 5 

TNF receptor-associated factor 1 (TRAF1) and complement component 5 (C5) are 

located in the chromosome 9q33–34 region, and have quite recently been identified as 

a risk factor for RA in a genome-wide scan association study (Plenge et al., 2007b). 

C5a have had a suggestive role in arthritis due to the observation of high levels of 
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C5a in synovial fluid of RA patients (Hogasen et al., 1995) and that C5a receptor-

deficient mice have been shown to be resistant to arthritis induction (Grant et al., 

2002). Investigating the single nucleotide polymorphisms (SNPs) spanning this 

region revealed significant associations with specific predisposition to ACPA positive 

RA. The most significant SNP was not located within C5 but rather between C5 and 

TRAF1 (Kurreeman et al., 2007). The protein encoded by TRAF1 is a member of the 

TNF receptor-associated factor 1 protein family, which mediates the signal 

transduction from various receptors of the TNF receptor superfamily, including the 

receptor for TNF  (van der Helm-van Mil et al., 2007). Due to the fact that anti-TNF 

therapy is one of the most efficient treatments of RA, all genes related to 

inflammatory TNF pathways are of potential importance for susceptibility. However, 

there are no solid data pointing to one distinct gene in the TRAF1-C5 locus and more 

studies are required for identification of functionally important variations. 

 

SIGNAL TRANSDUCER AND ACTIVATOR TRANSCRIPTION 4 

Very recently, RA has been associated with a SNP in the region encoding for signal 

transducer and activator transcription 4 (STAT4) on chromosome 2q. This finding 

was observed both in a Swedish and in an American case-control study (Remmers et 

al., 2007). Association has thereafter been replicated in a Korean population (Lee et 

al., 2007). 

 

PEPTIDYLARGININE DEIMINASE 4 

Peptidylarginine deiminase 4 (PADI4) is a member of a family of related genes, 

which encode enzymes that are involved in the citrullination pathway, and therefore 

is thought to play an important role in RA pathogenesis. The PADI4 gene is located 

on chromosome 1p36 and is strongly associated with RA, in Japanese (Ikari et al., 

2005) and Korean populations (Kang et al., 2006), whereas these variants do not 

seem to influence RA outcome in European (British, French, Spanish and Swedish) 

populations (Plenge et al., 2005, Barton et al., 2004, Harney et al., 2005, Caponi et 

al., 2005, Martinez et al., 2005). However, no evidence supports that PADI4 

genotypes correlate with ACPA levels or ACPA positive disease (van der Helm-van 

Mil et al., 2007). 
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TNF -INDUCED PROTEIN 3 – OLOGODENDROCYTE LINEAGE TRANSCRIPTION FACTOR 3 

(TNFAIP3 – OLIG3) 

The Wellcome Trust Case Control Consortium reported moderately associated 

regions on chromosome 6 (6q23) located between the genes encoding for TNFAIP3-

OLIG3, which were replicated in a follow-up study (Thomson et al., 2007). This 

association was only significant in the ACPA positive patients. Simultaneously, the 

same region was reported to be associated with RA in an independent study in a US 

population, providing confirmation that the region harbours a disease associated 

variant (Plenge et al., 2007a). The TNFAIP3 gene is an attractive candidate gene for 

RA susceptibility, where previous studies have shown that the TNFAIP3 gene 

function as a negative regulator of the transcription factor NF-kB in response to TNF 

and toll-like receptor induced activation (Boone et al., 2004, Wertz et al., 2004). 

Furthermore, TNFAIP3 protein deficient mice developed multi-organ inflammation 

that included inflammation of the joints (Lee et al., 2000). 

 

INTERFERON REGULATORY FACTOR 5 

Interferon regulatory factor 5 (IRF5) is a risk factor that has been associated to ACPA 

negative RA (Sigurdsson S, 2007). However, two other studies have not observed an 

association between IRF5 and RA, although theses studies were not stratified for 

ACPA status (Garnier et al., 2007, Rueda et al., 2006), 

 

MHC CLASS II TRANSACTIVATOR 

The MHC class II transactivator (CIITA), encoded by the MHC2TA gene, is a major 

physiological regulator of the expression of MHC class II genes, and is located in 

chromosome 16p13. This region has been linked with RA (Fisher et al., 2003) and is 

therefore an attractive functional and positional candidate gene for RA. The –168A/G 

polymorphism (rs3087456) in MHC2TA has been shown to associate with RA, but 

also with multiple sclerosis (MS) and myocardial infarction in a Nordic population 

(Swanberg et al., 2005). They have proved that the –168A/G SNP leads to reduced 

MHC2TA expression, and hence reduced production of MHC II molecules. 
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SEROTONIN RECEPTOR 2A  

The serotonin receptor 2A (HTR2A) gene is localized in human chromosome 13q14-

q21, and is a gene that has been studied mainly in relation to neuroscience and to 

psychiatric diseases. Two haplotypes in HTR2A have been found to associate with 

RA in the Swedish EIRA study (Kling et al., 2007). By using four different SNPs 

they found protective and susceptible haplotypes which associated with a significant 

decreased or increased risk of developing RA, indicating a genetic signature of a yet 

unknown variation in this genetic locus. Furthermore, they found a single marker 

association for rs6313 (T102C), the third marker included in the haplotypes, where 

the T allele has been indicative for higher expression of 5-HT2A receptors 

(Polesskaya et al., 2002) 

 

 

DISEASE SUBGROUPS 
Accumulating data indicate that ACPA-positive and ACPA-negative RA have different 

pathogenesis, which suggests that RA patients can be divided into distinct disease 

subgroups, either ACPA-positive RA or ACPA-negative RA. 

 

ACPA POSITIVE RA 

The HLA SE alleles have been observed to confer risk to ACPA-positive RA only. 

Indeed, other risk factors, genetic and environmental, have been reported to associate 

with ACPA positive RA. The most important non-HLA genetic risk factor is 

PTPN22. In 3 independent cohorts of RA patients, a gene–gene interaction between 

HLA SE alleles and PTPN22 was shown for ACPA positive RA (Kallberg et al., 

2007). As mentioned in earlier chapters, TRAF1-C5, CTLA4, STAT4, TNFAIP3-

OLIG3 and PADI4, are other genetic risk factors implicated in ACPA positive disease. 

Smoking is the only environmental factor that has repeatedly been linked to an 

increased risk of RA. This gene–environment interaction between smoking and the 

HLA–DRB1 SE alleles was only demonstrated in ACPA positive disease (Klareskog 

et al., 2006).  
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ACPA NEGATIVE RA 

In contrast to the risk factors described above, other risk factors are associated with 

ACPA negative disease. In particular, HLA–DRB1*03 is more frequently present in 

patients with ACPA negative RA than in control subjects (Irigoyen et al., 2005). Also, 

IRF5 has been reported as a genetic risk factor associated with ACPA negative RA (see 

genetic risk factors). Although ACPA negative RA is, by definition, not associated with 

ACPA, it cannot be excluded that it is associated with another antibody reaction that 

still needs to be defined. Although at present there is no indication of the presence of 

autoantibodies in patients with RF negative, ACPA negative RA (van der Helm-van 

Mil et al., 2007) 

 

 

GENETICS OF COMPLEX DISEASES 
 

Identifying the genes underlying a disorder can provide insight into the pathogenesis of 

the disease. RA is considered to be a multifactorial polygenic disease, meaning that 

several genes in combination with environmental factors trigger the development. The 

challenge with genetic studies of complex diseases is that it seems that no single 

genetic factor is either necessary or sufficient for disease development. Assuming a 

threshold model, an individual’s risk of developing the disease depends on a series of 

susceptibility variants with low penetrance; in response to environmental/lifestyle and 

stochastic factors, the individual passes the threshold for disease and disease develops 

with time (Reich et al., 2001). 

 

The common disease-common variant hypothesis proposes that the genetic risk effects 

would be due to disease loci where there is one, or a very small number of common 

variants (FIGURE 2). 
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FIGURE 2. Illustration of the common variant/common disease and multilocus/multiallele 

hypotheses. Adapted from (Wright et al., 2001) 

 

In opposite, the multilocus-multiallele hypothesis suggests that a few dozens of 

heterogeneous disease loci, rather then many hundreds, interact in different ways in 

different individuals to influence the disease (Wright et al., 2001). This makes it very 

challenging when studying human complex diseases. 

 

 

VARIATIONS IN THE DNA SEQUENCE 
After extensive studies of the human genome it is evident that we have numerous 

variations in the genomic DNA, resulting in inter-individual differences, including 

disease susceptibility. Variations in the DNA can be neutral, functional or deleterious. 

One of the most common types of variations in the human genome is the single-

nucleotide polymorphism (SNP), which reflects a nucleotide substitution at a single 

base pair location. They occur quite frequently in the human genome with an 

estimation of 10 millions in the human population, approximately one every 500 - 1000 

base pairs. Most SNPs are neutral with no or little effect on the phenotype of an 

individual. SNPs that are functional could change amino acids in a protein or alter 
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regulatory sequences in the genome needed for the control of gene expression levels. 

These functional SNPs can ultimately lead to development of disease phenotypes. 

Because these functional SNPs are relatively rare in the genome, instead neutral SNPs 

are used as genetic markers when mapping for candidate loci.  

 

 

FINDING SUSCEPTIBILITY GENES 
One challenge in studying genetics of complex diseases is the fact that multiple risk 

factors and multiple phenotypes can be involved in the development of a particular 

disease. To address this, several approaches are suggested, including genome-wide scan 

association studies, family studies, candidate gene-based approaches and animal 

models of the disease. Each of these approaches is not efficient alone, but provides us 

with clues, which could be used for deciphering of disease pathogenesis. 

 

LINKAGE DISEQUILIBRIUM 

Linkage Disequilibrium (LD) refers to allelic associations that occur between alleles 

(linked or not linked) at different loci. The primary use of association analysis is for 

fine mapping in candidate regions and testing of candidate genes for biological 

relevance. There are many different ways to measure LD, where the two most 

commonly used are the correlation coefficient (r square, r2) and Lewontin’s D´ (D 

prime). Both parameters range from 0 to 1. Two loci are said to be in LD if the 

recombination rate between them is less than 50%, meaning that they are inherited 

together more often than by chance. Two loci are in complete linkage when D´= 1.0, 

meaning that the loci are inherited together on the same chromosomal segment and 

there has not been any recombination between them, yet they can have different allele 

frequencies. R square, on the other hand, describes the correlation between the two loci. 

When the loci are perfectly correlated, with equal allele frequency the r2 = 1.0. The 

pattern of LD is not homogeneous in the human genome but rather constitute regions of 

high LD in a population, where genotyping of one locus makes it possible to gain 

information about neighbouring loci.  
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LINKAGE ANALYSIS AND ASSOCIATION STUDIES 

Linkage analysis can be applied to perform a global search of the whole genome for the 

existence of trait loci, without any preconceptions about the role of a certain genomic 

region or gene (JL. Haines & MA. Pericak-Vance, 2006). For this, markers are selected 

that are believed to be representative for LD blocks in the genome, which will 

consequently decrease the number of genotypings substantially, in order to find 

association with the disease. 

 

A candidate gene approach is usually based upon pre-existing knowledge of the 

function of a gene. In linkage studies, family material could be analysed regarding 

transmission of variations in relation to the disease, while in association studies a 

difference in genotype or allele frequency between affected and unaffected individuals 

could be compared (JL. Haines & MA. Pericak-Vance, 2006). In both cases a 

difference in allelic frequency between the two groups, or a difference in transmission 

of susceptibility allele, may point to a nearby located susceptibility gene. Further 

analysis of neighbouring variations and functional studies are required to prove 

importance of such a finding. 

 

HAPLOTYPES 

Haplotypes are defined as a group of alleles on a chromosomal segment that are 

inherited together. The sizes of these haplotypes vary in the genome and give a block-

like structure due to separation of high LD regions by recombination hotspots (regions 

with low LD). SNPs that uniquely identify haplotypes are called tag SNPs. In regions 

with high degree of LD such tag SNPs could facilitate discovery of susceptibility 

variations within haplotypes. Haplotypes can include SNPs inside recombination 

blocks, but can also stretch across block boundaries. Due to the international Haplotype 

Mapping project (HapMap), SNP and LD data are freely available, which provides 

tools for the selection of a minimal set of tag SNPs that could cover multiple 

haplotypes in the study of complex diseases. True haplotypes (combination of alleles) 

is difficult to identify directly in individuals with a heterozygotic state of the alleles. In 

absence of parental DNA, several statistical software packages including HaploView 

(Barrett et al., 2005), PHASE etc., implement fast and powerful statistical analysis of 

genetic data. 
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ANIMAL STUDIES 

Animal models provide significant insight in the understanding of inflammatory 

diseases such as RA. They give the benefit to control environmental factors and certain 

freedom to manipulate with the genetic contribution to the disease. Since RA is a 

heterogeneous disease, no single animal model could cover every feature of RA, but 

each model can provide new information about pathways that lead to arthritis. Rodent 

models are one of the major used animal models in experimental arthritis. There are 

both inducible and spontaneous models, where inducible models are highly informative 

when studying environment dependent gene effects. Further strength of rodent models 

is that candidate regions from linkage studies can be confirmed in congenic strains 

before starting gene identification efforts. A candidate chromosomal interval can be 

transferred from a resistant strain into the susceptible strain background (or vice versa) 

using genotype-guided breeding strategies. The effect of a selected single interval in 

disease severity can then be studied (Gulko, 2007). In paper I we made a congenic DA 

rat strain, in which an exceedingly small interval on rat chromosome 4, was transferred 

from the resistant PVG strain onto the susceptible DA strain. This congenic strain was 

subsequently demonstrated to be arthritis resistant, and the arthritis protecting interval 

was shown to exclusively contain the antigen presenting lectin-like receptor gene 

complex (APLEC) encoding seven lectin-like receptor genes i.e, macrophage-inducible 

C-type lectin (Mincle) and macrophage-restricted C-type lectin (Mcl), as well as DC 

immunoactivating receptor (Dcar1) (not found in human), dendritic cell 

immunoreceptor (Dcir1–Dcir4), the Dectin pseudogene Dectin2p, and the gene 

fragment named Dcar2gf (related to Dcar1).  

 

Discovery of the APLEC complex in the oil-induced arthritis rat model induced our 

interest of the syntenic region in human chromosome 12p13, where a similar set of 

genes is presented and in which we detected one, DCIR, as especially interesting for 

the development of arthritis in men. 
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C-TYPE LECTIN RECEPTORS 
 

Phagocytes, such as macrophages and DC, are equipped with many kinds of C-type 

lectin receptors (CLRs) on their cell surface for antigen capture (McGreal et al., 

2005). CLRs are molecules that are defined by their ability to bind carbohydrates in a 

Ca2+-dependent manner (Weis et al., 1998). They are either produced as 

transmembrane proteins or secreted as soluble proteins, and share a common highly 

conserved carbohydrate recognition domain (CRD). These CRDs contain calcium-

binding pockets that are essential for carbohydrate ligand binding. Based on their 

molecular structures and the orientation of their amino (N) terminus, the CLRs are 

divided into two large groups. These are the type I lectins with the N termini pointing 

outwards from the cytoplasm with multiple CRDs, and the type II lectins with the N 

termini pointing into the cytoplasm and containing a single CRD (FIGURE 3). 

 

 
FIGURE 3. Structure and signaling motifs of the DCIR family of lectins. R, D and K represent 
the respective amino acid. CRD – carbohydrate recognition domain, TM – transmembrane 
domain, CYT – cytoplasmic domain, ITIM – immunoreceptor tyrosine-based inhibitory motif, 
ITAM – immunoreceptor tyrosine-based activating motif. 
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The type II lectins can be further subdivided into two distinct families of DC 

immunoreceptors, the DCIR family and the dectin-1 family (Kanazawa et al., 2004b). 

These two gene families are localized in the telomeric end or in the midst of the natural 

killer gene complex (NKC) on human chromosome 12, and resemble each other in their 

expression profiles and suggested functions, but are distinct in sequence homology and 

genomic localization. These receptors have diverse areas of function including 

pathogen recognition through the identification of pathogen associated molecular 

patterns (PAMPs); recognition of endogenous ligands to mediate cell–cell 

interactions during immune responses; moreover, to bind soluble self antigens which 

lead to immune tolerance and maintenance of endogenous glycoprotein homeostasis 

(Cambi et al., 2003) 

 

 

THE DENDRITIC CELL IMMUNORECEPTOR FAMILY 

 
The DCIR family of lectins include DCIR, mouse (m)Dcar (not found in human), 

DECTIN-2, BDCA-2, MCL and MINCLE (FIGURE 3). Of these receptors, mDcar, 

DECTIN-2 and BDCA-2 are the receptors that are most alike in overall amino acid 

sequence, not only in the CRD but also in their short cytoplasmic tail (CYT) and the 

transmembrane (TM) domain (Kanazawa et al., 2004b) (TABLE 2). All three receptors 

have a short CYT without a tyrosine residue signalling motif. 
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TABLE 2. DCIR FAMILY LECTINS

CHARGED SUGAR-BINDING SIGNALING EXPRESSION CELLULAR

RESIDUE MOTIF IN CRD MOTIF LIGAND PROFILE DISTRIBUTION REFERENCE

DCIR None EPS ITIM Unknown thymus, spleen, DC, Mono, Bates 1999
LN, BM, PBL B, Neut, T Huang 2001

spinal cord, trachea M , Paper II

Dcar Arginine EPS None Unknown Lung, spleen DC Kanazawa 2003
(only mouse) skin, LN

DECTIN-2 Arginine EPN None High-mannose Lung, spleen DC, Mono, Kanazawa 2004
residues LN Neut, CD4T

M ,

BDCA-2 Lysine EPN None Unknown tonsil, BM, DC, Mono, Dzionek 2001
(only human) pancreas, testis M , Neut Fernandes 2000

ovary Arce 2001

MCL None None Unknown BM, PBL Mono, M Arce 2004
spleen

MINCLE None EPN None Unknown M Matsumoto 1999

M  - macrophages; DC - dendritic cells; LN - lymph node; BM - bone marrow; PBL - peripheral blood leukocytes  
 

The possession of a charged amino acid in the TM domain suggests that these 

receptors function as activating receptors. Activating immunoreceptors are usually 

formed as a complex of a ligand-binding subunit and a signal-transducing subunit 

bearing an immunoreceptor tyrosine-based activation motif (ITAM). These adaptor 

molecules, such as DAP12 and Fc receptor (FcR) -chain, are commonly used by 

several receptors. Since the CYT of the ligand-binding subunit and the external 

portion of the adaptor subunit are short, each subunit can be expressed on the cell 

surface only after forming a complex with each other. The presence of a charged 

amino acid residue in the TM domain of each subunit contributes to the formation of 

a complex. Mouse Dcar contain a conserved positively charged arginine residue in the 

TM domain, and has been reported to physically and functionally associate with the 

FcR -chain (Kanazawa et al., 2003). DECTIN-2 and BDCA-2, both have charged 

arginine and lysine residues, respectively, in their TM domains. Moreover, DECTIN-

2 needs an adaptor molecule to maintain sufficient expression on the cell surface. 

Even so, their adaptor molecules remain unknown. One other possibility could be that 

they might form a heterodimer with any of the other DCIR family lectins (Kanazawa 

et al., 2004b).  
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So far, two sugar-binding motifs have been identified in the CRD region of type II C-

type lectins. The EPS (glutamate-proline-serine) motif, predicted to recognize 

galactose residues, and the EPN (glutamate-proline-aspargine) motif postulated to 

bind mannose residues (Drickamer, 1993, Weis et al., 1998). Despite the presence of 

an EPS motif in mDcar and an EPN motif in BDCA-2, their ligands have not been 

identified. The extracellular domain of DECTIN-2, also containing an EPN motif, has 

recently been reported to bind live Candida albicans and zymosan via specific 

recognition of high-mannose structures (McGreal et al., 2005). 

 

Although, MCL and MINCLE have high homology in their CRD region with the 

other DCIR family lectins, their cytoplasmic tails are somewhat different. Both 

molecules lack the tyrosine motif, their CYT is much longer than and not 

homologous to those of mDcar, DECTIN-2 and BDCA-2 and both lack the charged 

residue in their TM domain (Arce et al., 2004, Matsumoto et al., 1999). Thus far no 

evident function of these molecules has been determined, although cross-linking of 

MCL leads to a rapid internalization (Arce et al., 2004) 

 

 

THE DENDRITIC CELL IMMUNORECEPTOR 
 

Human DCIR was first identified on DCs (thereof the name) but have since then been 

identified on almost all immune cells, such as B cells, monocytes, macrophages, 

neutrophils and T cells (TABLE 2). Just like the other type II C-type lectins, DCIR 

contain a single CRD, which is highly homologous (91% identical in amino acid 

sequence) with that of mDcar (Kanazawa et al., 2003). However, the extracellular neck, 

TM and CYT domains are quite different. DCIR does not contain a positively charged 

amino acid in the TM domain with the ability to associate with adapter proteins, instead 

DCIR include a single immunoreceptor tyrosine-based inhibitory motif (ITIM), which 

is needed to mediate a negative signal (Bates et al., 1999). The CYT domain of mDcar 

is much shorter than that of DCIR and lacks the tyrosine residue and any signalling 

motif. mDcar instead induces a positive signal through association via the ITAM-

bearing FcR-  chain, this further suggests that DCIR and mDcar may potentially 

function as paired immunoreceptors at least in mice, since the corresponding mDcar 
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gene in humans has not been found yet (Kanazawa et al., 2003). The ITIM motif is 

associated with the repression of cell activation and anti-inflammatory signalling. The 

fact that DCIR include a single ITIM motif and contain a double cysteine motif at the 

beginning of the lectin domain, suggests that DCIR also can form dimers (Bates et al., 

1999). Many anti-inflammatory receptors depend on the ITIM motif in order to mediate 

negative signals via binding of phosphatases (e.g. SHP-1, SHP-2 and SHIP-1), where 

the DCIR ITIM pattern has been reported to bind both SHP-1 and SHP-2 (Richard et 

al., 2006). DCIR may be involved in antigen uptake due to the consensus sequence 

YxxF, for tyrosine-based internalization, also contained in the ITIM domain (Bates et 

al., 1999). Although DCIR hold an EPS motif in the CRD the ligand has not yet been 

identified. 
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AIM OF THIS THESIS 
 

The aim of this thesis was to investigate the genetic association of DCIR in rheumatoid 

arthritis and to elucidate the possible role of DCIR in immune regulation of the disease.  

 

PART I: GENETIC INFLUENCE OF APLEC IN RA  
 

 To evaluate if the APLEC genes, including the DCIR gene, confer risk of RA in 

humans. 

 

PART II: CELLULAR DISTRIBUTION OF DCIR  
 

 To assess DCIR protein expression on distinct immune cell populations both in 

joint biopsies and in paired peripheral blood and synovial fluid samples from 

rheumatoid arthritis patients. 

 To characterize the phenotype of DCIR+ T cells in inflammatory arthritis. 

 

PART III: DCIR MRNA EXPRESSION  
 

 To investigate the influence of common genetic variations on the regulation of 

DCIR mRNA isoform expression. 

 

 



GENETIC AND IMMUNOLOGICAL STUDIES OF DCIR IN INFLAMMATORY ARTHRITIS 
RESULTS AND DISCUSSION: PAPER I 

 

   - 25 -

RESULTS AND DISCUSSION 
 

GENETIC INFLUENCE OF APLEC IN RA 

PAPER I 
 

The importance of DCIR in the control of the inflammatory process is outlined by the 

observation that DCIR is found in an arthritis susceptibility locus in the rat 

(Ribbhammar et al., 2003, Flornes et al., 2004). In the human genome, DCIR is located 

in chromosome 12p13, a region that has been associated with inflammatory disorders 

(Ribbhammar et al., 2003). To further substantiate these findings the APLEC, including 

seven C-type lectin genes, was identified as a novel genetic factor that regulates 

arthritis susceptibility (paper I).  

 

One major challenge when working with population based genetics is the genetic 

heterogeneity within the group. In order to simplify the association analysis one can 

divide the study population into more homogeneous clinical phenotypes, e.g. in our 

case ACPA status. Intriguingly, our results indicate that the human APLEC including 

the DCIR gene are genetically associated with ACPA negative RA (paper I), a genetic 

region that also has been associated with susceptibility to arthritis in rats (paper I). 

Eight SNPs have shown a nominal allelic association with ACPA negative RA, where 

one was located in DECTIN-2 and five in DCIR, despite loss of power in the analysis. 

The DCIR SNPs that displayed nominal associations were located in 3 different 

recombination blocks, as determined by LD mapping (FIGURE 4). However, none of 

the associations were significant after permutation testing. The power of our study 

was more than 75% based on calculations on rs1133104, the SNP with the strongest 

association with ACPA negative RA. 

 

Although we can not exclude that the association found is false positive, such power 

allowed us to formulate a hypothesis about the importance of DCIR for development 

of RA. In an attempt to test this hypothesis in an independent association study, we 

made an effort to find a similar study population of ACPA-negative RA individuals 

through international collaboration. However, due to the fact that all well established 
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RA cohorts are predominantly ACPA positive, we did not find a case-control 

population for replication.  
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FIGURE 4. Location and linkage disequilibrium (LD) analyses of single-nucleotide 
polymorphisms (SNPs). A, Genes are identified along with their positions and size in scale; 
green boxes indicate the C-type lectin–like receptor–encoding genes, and red boxes indicate 
other genes. B, A scale of human chromosome 12q13.31. C, Positions of analyzed SNPs 
and representation of the extent of LD between named markers. D, Representation of P 
value (-ln) for allelic associations with rheumatoid arthritis (RA) and anti–cyclic 
citrullinated peptide (anti-CCP)–negative RA for all analyzed SNPs. 
 

Variations in the DCIR gene can of course have functional implications on 

transcription, mRNA stabilization and translation into a functional protein, but could 

also influence the function of the protein itself. All of which can influence the 

receptor function in immune regulation. Most SNPs in association with RA are in the 

intronic regions of DCIR. It most likely reflects an important influence of such 

variations on transcription mechanisms and splicing mechanisms. In our attempt to 

re-sequence the DCIR exons with flanking regions, we did not find additional non-

synonymous variations, which could explain structural changes in the DCIR protein. 

 

Interestingly, the impact of APLEC has recently been demonstrated in six different 

rodent arthritis models, concluding that APLEC influences autoimmunity (Guo et al., 



GENETIC AND IMMUNOLOGICAL STUDIES OF DCIR IN INFLAMMATORY ARTHRITIS 
RESULTS AND DISCUSSION: PAPER I 

 

   - 27 -

2008). Guo and colleges have shown that APLEC alleles can exert different effects 

such as skewed collagen type II IgG isotype profile towards IgG1 and IgG2c, skewed 

Th cell cytokine profile with reduced IFN-  mRNA levels and regulation of IL-17 

mRNA levels, all depending on which clinical phenotype and type of arthritis that has 

been investigated. This suggests that our strategy of dividing the study population 

into clinical distinct phenotypes by stratification by ACPA status is indeed relevant 

when evaluating the genetic contribution of APLEC on RA susceptibility (paper I). 

 

LD analysis of the genetic markers covering DCIR, revealed low LD between 3 

genetic loci. These loci were then subject for haplotype analysis, where no haplotype 

within the recombination blocks was associated with RA, nor was there any 

association of a haplotype with RA stratified by ACPA status. However, one 

haplotype defined by 5 SNPs (FIGURE 4, black squares), which was located in two 

recombination blocks covering DCIR and a flanking region, did show an association 

with susceptibility to ACPA negative RA (OR 1.37, 95% CI 1.12–1.67, P = 0.0019), 

which was supported by permutation testing (empiric P = 0.045). The frequency of 

the haplotype CAAAA was 0.20 in healthy control subjects and 0.25 in patients with 

ACPA negative RA (paper I). This is strong evidence for genetic association of 

variations in the DCIR gene with RA. It is most likely that the detected haplotype 

indicates a presence of putative functional variation, which is crucial in RA pathways. 

Even though we could not show association with DCIR and ACPA positive RA, we 

can not totally exclude the importance of DCIR for ACPA positive disease. Since 

DCIR has been proposed to down-modulate activation of immune cells and has been 

shown to influence autoimmunity, the molecule as such is probably important in 

many inflammatory diseases including ACPA positive RA. 

 

It was recently shown that knock-out mice lacking the Dcir gene, spontaneously 

developed autoimmune diseases at old age, including the development of joint 

abnormalities and significantly higher production of autoantibodies (Fujikado et al., 

2008). Consistent with the rodent models, the Dcir deficient mice also produced 

significantly higher total amounts of CII specific IgG, and this was owing to the 

elevated levels of IgG1 and IgG3. Cytokines, such as IL-4 and IL-10, are known to 

influence the IgG isotype profile and were consistently elevated in these mice, as was 
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the expression of pro-inflammatory cytokine IL-17. However, these results may be 

questioned for methodological reasons, because it is possible that the observed 

phenotypic effect may not be due to the silenced Dcir gene. The mouse knock-out 

strain was constructed using embryonic stem cells from strain 129/Ola, after which a 

chromosomal interval containing the silenced gene was transferred by backcrossing 

onto B57BL/6J. Since no information is given about the size of the interval or on 

genetic variations of the interval (beside the silenced gene), it remains uncertain to 

which extent the silenced Dcir gene underlies the observed phenotypic effect (Blom 

et al., 2003). 

 

In all, these experimental models in combination with the human data have provided 

critical evidence of DCIR as an important molecule in the regulation of immunity and 

inflammation. As there was very limited information about biological function in 

humans, we decided to study DCIR in relation to arthritis. 
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CELLULAR DISTRIBUTION OF DCIR 
PAPER II AND PAPER III 

 

In paper II we provide detailed information that DCIR was widely expressed on 

multiple cell populations in the inflamed synovia, whereas no DCIR expression was 

detected in healthy joints. More importantly, we demonstrate that DCIR expression 

varies between cell types and physical compartments. The DCIR protein expression 

was also down-regulated during disease remission following local glucocorticoid 

treatment. This decreased expression was evident for all DCIR+ cell types. This may 

implicate DCIR as a modulator of inflammation.   

 

Concerning DCIR expression on different cell types, we report abundant DCIR 

expression on granulocytes and professional antigen-presenting cells in RA, similar to 

studies of healthy subjects. Additionally, a surprising discovery was the expression of 

DCIR on a small but significant population of CD56+NK-cells, CD4+ and CD8+ T 

cells (paper II). Such, DCIR+ T-cells were much more common in an inflammatory 

setting i.e. synovial fluid compared to blood. The DCIR+ T-cells in blood were 

consistently small resting cells, whereas most DCIR+ T-cells in synovial fluid were 

large activated cells (paper II). These two DCIR+ T cell subpopulations were further 

characterized; the small, as being CD62L+ memory T cells and the large, as being 

CD62L- memory T cells (paper III). CD62L expression on T cells serves the purpose 

of facilitating recirculation between blood and lymph node in the continuous search for 

cognate antigens. After successful antigen encounter, responding naïve and memory 

CD4+ T cells down-regulate CD62L (Hengel et al., 2003), meaning that CD62L neg 

cells are more antigen primed and loose their ability to re-circulate between blood and 

LN, but instead migrate to the site of inflammation.  

 

An intriguing observation was that the relative level of DCIR expression deviated 

between the different cell types within the same compartment, with much higher 

DCIR surface expression on synovial T cells than synovial APCs and PMNs (mean 

fluorescent intensity, 164, 37 and 52, respectively) (paper II). Meyer-Wentrup and 

colleges have recently shown that DCIR targeting, results in antigen uptake and 

presentation by human plasmacytoid DCs (pDC) (Meyer-Wentrup et al., 2008). 
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Perhaps, DCIR is functionally different depending on if it is expressed on T cells, 

APCs or PMNs. Antigen uptake by DCIR on APCs could possibly be one piece of the 

puzzle that may explain why we observe less DCIR on the surface of APCs than on T 

cells, especially in an inflammatory milieu. Is there a discrepancy in ligand binding if 

the DCIR molecule is located on the surface of an APC or a T cell, due to a different 

setup of co-stimulatory molecules? There could also be a difference in the range of 

ligand binding. For instance, DC-SIGN (dendritic cell-specific intercellular adhesion 

molecule-3 grabbing nonintegrin), a CLR expressed by DC and macrophages, binds a 

broad range of ligands that include both pathogen derived ligands and endogenous 

ligands (Gijzen et al., 2006). Could it be that DCIR on APCs have a more flexible 

and wider range of ligand binding, while DCIR on T cells have more restricted ways 

of ligand binding? DCIR expression could also depend on maturation and stage of 

activation of the cells. Bates and colleges have demonstrated that DCs decrease their 

DCIR mRNA and protein expression upon maturation and totally loose their DCIR 

mRNA expression upon CD40L activation (Bates et al., 1999). Moreover, DCIR is 

mostly expressed by resting naïve and memory circulating B cells, suggesting that 

DCIR expression is down-modulated by activation. Hypothetically, these results 

could coincide with our observation of DCIR expression on T cells, where DCIR 

expression is mainly detected on naïve and memory T cells in blood (paper III). In 

order to know for sure if DCIR goes down after cell activation we need to make a 

longitudinal study of DCIR expression on T cells. Further more, proinflammatory 

agents, such as TNF- , IL-1  and LPS, have been reported to cause a down-

regulation of the DCIR protein expression on neutrophils (Richard et al., 2002).  

 

Other interesting findings that support our observation of DCIR expression on T cells, 

is the fact that dectin-2, belonging to the DCIR family, mRNA has been found to be 

expressed in CD4+ T cells upon ex vivo activation (Kanazawa et al., 2004a). 

Futhermore, a functional study with a recombinant soluble dectin-2 (sDec2), confirmed 

binding of sDec2 to a putative ligand on Tregs, resulting in a prevention of UV-induced 

immune-suppression (Aragane et al., 2003). This finding could be of interest since our 

data suggest that the DCIR+ T cells represent a subset of induced Tregs (paper III). 

Moreover, DCIR is known to have five mRNA isoforms, where two could theoretically 

be translated to a soluble DCIR protein. Maybe, soluble DCIR receptors bind a putative 
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ligand on a subset of Tregs, similar to that of dectin-2. This is very interesting since we 

observed higher expression of DCIR mRNA isoform 4 (lacking TM domain) in DCIR+ 

T cells (paper III).  

 
Tregs are typified by the expression of an array of molecules (e.g. CD25, FOXP3 and 

CTLA-4), of which several have been implicated in contributing to the suppressive 

function of Tregs. These molecules are not unique to Tregs, but if they are 

constitutively expressed, makes it possible to identify Tregs (Leipe et al., 2005). It is 

not conclusively established whether or not Tregs are impaired in number and/or 

function in RA. In a study by Cao et al, they demonstrate an enrichment of 

CD25brightCD4+ Tregs in the inflamed joints in comparison with peripheral blood. 

They could not detect a correlation of the frequency of Tregs in the inflamed joint 

with disease duration, disease severity or treatment (Cao et al., 2004). However, we 

found similar overall frequencies of FOXP3+ T cells in blood and synovial fluid in 

our cohort. Strikingly, there was a vast difference in frequencies of FOXP3+ T cells 

between the DCIR+ and DCIR- T cell population in both blood and synovial fluid, 

with substantially more FOXP3+ T cells in the DCIR+ population (paper III). 

Interestingly, the DCIR+FOXP3+ cells did not display the classical Treg phenotype 

CD25bright, they expressed only modest amounts of CD25 (paper III). It is important 

to note that the low expression of CD25 in (CD45RO+FOXP3+CD25low) DCIR+ 

regulatory T cells, suggesting that they are not recently activated, is of importance 

since CD4+ T cells can transiently upregulate FOXP3 upon activation (Wang et al., 

2007). The precise mechanisms of suppression mediated by Tregs are not fully 

understood. It is possible that Tregs suppress immunological responses in multiple 

ways, which may involve negative signals produced by inhibitory surface molecules, 

cytotoxic killing, downregulation of APC function, and/ or induction of other 

regulatory cells. In such speculations DCIR would fit in perfectly as a molecule aimed 

for immunological suppression, since DCIR contain an inhibitory motif in the 

intracellular end. 

 
Previous studies have shown that DCs are enriched in RA synovial tissue and fluid, 

where both myeloid DCs (mDCs) and plasmacytoid DCs (pDCs) display an incomplete 

maturation state (Jongbloed et al., 2006). pDCs have an immature phenotype, while 

mDCs have a semi-mature phenotype, with increased expression of CD40, CD80, 
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CD83 and CD86. Although we also detect an enrichment of mDCs and pDCs in the 

synovial fluid compared to blood, we demonstrate that only a minor proportion of 

synovial mDCs express DCIR and that the expression of DCIR on pDCs appears to 

be decreased in joint fluid (paper II). The low expression of DCIR on synovial DC 

subsets could depend on antigen uptake by the DCs due to the inflammatory 

environment (Meyer-Wentrup et al., 2008).  

 

Summarized, our data suggest that DCIR is a potential important molecule for RA 

and possibly for inflammation in general, and that the DCIR+FOXP3+CD25low T 

cells represent a novel subset of induced regulatory T cells that could possibly be 

exploited for future therapeutic settings. 
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DCIR MRNA EXPRESSION 
PAPER IV 

 
In paper IV, we investigated the relationship between variations in DCIR-related 

SNPs (outlined in paper I) and expression patterns of DCIR transcripts in healthy 

individuals and in RA patients. As different splicing isoforms may significantly differ 

in their structure and possible function, it is important to understand how they 

interplay and which of the transcripts that is the major contributor to the effect.  

 

When analyzing the DCIR transcript levels by semi quantitative RT-PCR, we could 

affirm different background levels of the four DCIR isoforms in unstimulated PBMCs 

from RA patients and healthy controls. Furthermore, we detected a novel DCIR 

isoform (DCIR v5) in ~12% of the analyzed samples, lacking exon 3 and 4, where 

exon 4 is part of the predicted lectin domain (FIGURE 5). 

 

 
 
FIGURE 5. A schematic picture of the five DCIR mRNA isoforms, displaying the domains and 
exons (boxes) that is included for each mRNA isoform. 
 

According to publicly available data, there are species differences where humans have 

one gene with many transcripts while rodents have many genes with few transcripts 

from each gene (TABLE 3). Such differences most likely will correspond to deviations 

in the function of DCIR in immune responses in rodents and humans. There are only 
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few studies that investigate the interplay between different splice isoforms in relation to 

disease or in different animal models. In order to understand these differences, we need 

more extensive mRNA expression studies. In paper IV we provide the tools for mRNA 

isoform detection in a genetic and immunologic context. 

 

TABLE 3. SPECIES SPECIFIC DCIR INFORMATION

SPECIES GENE CHR. LOCATION EXONS ITIM MOTIF mRNA
Human DCIR 12p13 Six Yes Five

Rat Dcir1 4q42 Six Yes Two
Dcir2 Six Yes One
Dcir3 Six No One
Dcir4 Five No One

Mouse mDcir1 (Clec4a2) 6 F2 Six Yes Two
mDcir2 (Clec4a4) Six Yes One
mDcir3 (Clec4a3) Six No Two
mDcir4 (Clec4a1) Six No One

 
 

DCIR mRNA expression levels have previously been investigated in response to DC 

and neutrophil maturation and activation in vitro, resulting in a down-regulation of 

DCIR mRNA (Bates et al., 1999, Richard et al., 2002, Richard et al., 2003). 

Interestingly, GM-CSF, IL-3, IL-4 and IL-13 stimulations altered the expression pattern 

of the two known transcripts in neutrophils, towards an accumulation of DCIR_v2 

(Richard et al., 2002). Further on, they determine that TNF- , IL-1  and LPS down-

modulate the DCIR surface expression in a dose-dependent manner. In a follow-up 

study they suggest that DCIR_v2 competes with DCIR_v1 for translation and by that, 

results in a lowered surface expression of DCIR (Richard et al., 2003). In paper IV, we 

investigate whether stimulation with the pro-inflammatory cytokine INF- , could alter 

the transcript levels of DCIR in PBMCs from RA patients and controls. We could 

determine that after INF-  stimulation, a general down-regulation of DCIR transcripts 

was observed for both RA patients and controls. This down-regulation was significant 

for all isoforms. The INF-  stimulation did not alter the balance in mRNA expression 

levels or the ratio of expression between RA patients and healthy controls (paper IV). 

 

According to the literature, several cytokines have been investigated for their influence 

on DCIR mRNA and protein expression (Bates et al., 1999, Richard et al., 2003). 
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Interestingly, nearly all have an effect on the expression level of different DCIR 

isoforms in different cell types. This suggests that DCIR expression may be influenced 

by the balance of different pro- and anti-inflammatory cytokines, which could 

ultimately shift the isoform levels and by that change the immune response related to 

DCIR function. 

 

The genomic region where DCIR is located is in high LD, therefore it is difficult to 

identify which, of all genetic variations that could be the primary cause of the 

difference in expression patterns (FIGURE 5). The association level of the six most 

informative SNPs with the mRNA expression of the DCIR isoforms in relation to 

exon-intron structure of DCIR and the LD covering the region, are demonstrated in 

figure 5. 

 

 
 
FIGURE 5. The influence of genotypes in the DCIR region on the expression of each of the 
DCIR transcripts is represented by the curves. The approximate position of the DCIR exons 
relative to SNPs is illustrated on top. The diagram shows the negative logarithm of the P-
value for the association of SNPs with the mRNA expression of DCIR transcripts in patients 
without IFN-g stimulation. SNPs previously associated to RA are marked with *. 
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SNP rs2024301 is one of the strongest candidates in association with RA (paper I), 

where the TT allele (the protective allele) was associated with less expression of 

DCIR_v3 and DCIR_v4. This SNP is located at the beginning of exon 2 and is only 

significantly associated with the expression of DCIR_v3 and DCIR_v4, the two 

isoforms that lacks exon 2. This might suggest that rs2024301, or another genetic 

variation in strong LD, alters a splicing factor motif. Indeed, the region where 

rs2024301 is located includes predicted motifs for splicing factors suggesting the 

involvement of rs2024301 in splicing regulation by alteration of a splicing factor 

motif. 

 

In all, our data suggests a new mechanism, whereby genetic polymorphisms may 

affect immune functions by shifting the ratio of expression between different 

isoforms. Individuals with different DCIR genotypes could thus express different 

patterns of DCIR products, which will lead to individual variation in immune 

responses. 
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ONGOING AND DISCONTINUED EXPERIMENTS 

 
Since little is known about DCIR in complex human diseases, there are many studies 

that can be done. Some of my projects are ongoing while others recently ended or were 

discontinued. 

 We have conducted a longitudinal pilot study of DCIR expression on T cells 

following influenza and anti-CD3 stimulations using the cytoplasmic dye 

CFSE. This experiment was done on PBMCs from one healthy individual. As a 

conclusion, it seems that DCIR was up-regulated at day 2 and that this up-

regulation did not require cell division. This experiment needs to be repeated, 

since this was a pilot study and only a weak response was mounted by the anti-

CD3 and influenza stimulations. 

 

 In paper III, our initial goal was to characterize the DCIR+ T cell population in 

relation to several T cell specific markers. We included two panels for 

multiparameter flow cytometry. Unfortunately, one of the flourophores in panel 

II decayed, and bled over into the same channel used for detecting the DCIR 

antibody. Information generated from markers such as CD25, Ki67, CD28 and 

HLA-DR were therefore lost. This is of course markers that need to be 

investigated in relation to DCIR and will be continued. 

 

 We have also included more SNPs in the DCIR gene in order to fine map this 

region. Where the results are awaiting further analysis in relation to RA and 

with stratification for ACPA status. 

 

 Since, DCIR is known to have mRNA isoforms that suggest soluble protein 

variants; we performed both Western blot and ELISA with several different 

commercial antibodies towards DCIR, but without success. This attempt has 

also been tried by Richard et al (Richard et al., 2003), who also ended up with 

negative results. Neither the protocol proposed by the dealer nor ours allowed 

for detection of the DCIR protein. Our experiments were discontinued, while 

Richard et al made their own home-made antiserum. 
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DCIR IN ARTHRITIS 
 

DCIR is a receptor expressed on a multitude of cells in the immune system. Both 

animal and human studies, in vitro and in vivo, have implicated DCIR as an important 

molecule in inflammation and autoimmunity. But what role does DCIR play? Below I 

will speculate about the DCIR function in relation to arthritis, using both my own and 

published data from other groups. 

 

Neutrophils, B cells, DCs and T cells, all are involved in the perpetuation of 

inflammation in the joint where they exert different effector functions. What is the 

common denominator for DCIR in these cells? DCIR has been reported to be down-

regulated upon cell differentiation, maturation and activation (FIGURE 6). 

 

 
 
FIGURE 6. DCIR protein expression on different immune cells in relation to cell differentiation, 
maturation and activation. The crosshatched box is a hypothetical time point where we 
conducted our analysis in paper II. 
 

Resting naïve and circulating memory B cells express DCIR, which suggests that DCIR 

is down-regulated by B cell activation (Bates et al., 1999). DCIR expression is also 
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decreased by signals inducing DC maturation (Bates et al., 1999). DCIR has in addition 

been reported to be down-modulated in neutrophils by neutrophil activating agents 

(Richard et al., 2003). Polymorphonuclear leucocytes (PMNs) are the first cells at the 

scene of inflammation and are the major population seen in the inflamed joint. The 

PMNs in the joint are in an activated state and nearly all the PMNs express DCIR, but 

to a low extent (paper II). Maybe DCIR expression goes down, which allows for the 

PMNs to be activated. There are two types of monocytes; anti-inflammatory (type II) 

and pro-inflammatory (type I) cytokine producers. Type II monocytes direct the 

differentiation of naïve T cells into Th2 and CD4+CD25+FOXP3+ Treg cells. Also, 

these type II monocytes could induce regulatory T cells specific for non-self antigens 

(Weber et al., 2007). As shown in paper II, we have detected that around 30 % of the 

monocytes express DCIR. Maybe DCIR is expressed on type II monocytes, and inhibit 

the differentiation towards a pro-inflammatory type I monocyte? The fact that DCIR is 

expressed on such a variety of cell types, suggests that DCIR is involved in a more 

general pathway of cell function. One conclusion from these data could be that DCIR 

participates in the down-regulation of certain cell functions and thereby aids in 

differentiation/maturation.  

 

In paper III we show that DCIR is expressed on some naïve and memory T cells in 

blood (FIGURE 7). These two different DCIR + T cell populations are expressing CCR7 

and CD62L, which enables these cells to migrate to the lymph node. The dogma is that 

DCIR expression is down-regulated upon activation and maturation. Could DCIR 

expression on naïve T cells block further differentiation/activation i.e. have the naïve T 

cells expressing DCIR become anergic? Could DCIR be involved in maintaining 

immunologic tolerance? In that case, these naïve DCIR+ T cells would be difficult to 

activate, and a nice attempt would be to isolate these cells for CD3 stimulation. Are the 

DCIR+ memory T cells found in blood migrating towards the lymph node or towards 

the joint? Or, have these cells already been to the lymph node and are now on the way 

to the joint? The fact that the DCIR+ memory T cells express CD62L+ suggests that 

they have the ability to proliferate in response to antigen stimulation. 
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FIGURE 7. This picture summarizes the different DCIR+ T cell populations found in arthritis 
patients (paper III). 
 

CD4+ and CD8+ memory T cells are heterogenous, and are divided into two main 

subsets: CCR7+CD62L+ lymph node homing cells, representing central memory (CM) 

T cells; and CCR7-CD62L- peripheral tissue homing T cells that can produce high 

levels of effector cytokines, so called effector memory (EM) T cells (Sallusto et al., 

1999). There is also an ongoing debate about the differentiation pathway of TCM and 

TEM cells, where Sallusto et al. proposed that antigen stimulation leads to TCM cells and 

that these further on differentiate into TEM cells (Sallusto et al., 1999), whereas growing 

evidence indicate that a differentiation pathway from TEM to TCM  may also occur 

(Wherry et al., 2003). The DCIR+ memory T cells in blood and synovial fluid differ in 

their phenotypes, where CCR7+CD62L+ TCM cells was the dominating phenotype in 

blood, while in synovial fluid the DCIR+ memory T cells were either CD62L+ or 

CD62L- Interestingly, the most pronounced population, the CCR7-CD62L- TEM cells, 

was virtually missing in blood (paper III). It has been suggested that both CD62L- and 

CCR7- memory T cells originate from their positive counterparts (Gattorno et al., 2005, 

Hengel et al., 2003), which could mean that these cells are more differentiated towards 

effector function. Does this mean that the DCIR+ T cells in the joint being CD62L+ 

just arrived from circulation and that the CD62L- T cells have been around for a while, 

or originated from their positive counterpart? 
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The fact that the major part of the DCIR+ T cells in the joint co-express FOXP3, a 

transcription factor known to mediate suppressive function, could mean that DCIR, 

bearing an inhibitory motif, expression is an additional event in an attempt to down-

modulate inflammation. 

 

Could the amount of DCIR expression on immune cells be a measurement of the 

amount of inflammation? Or, could the enriched expression of DCIR in the site of 

inflammation, serve as an attempt to reduce inflammation? In all, we generated a lot of 

questions where further studies are needed for clarification. 
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CONCLUDING REMARKS 
 

C-type lectin receptors including DCIR have gained a lot of interest lately. The focus 

has been on describing the gene structures, mRNA expression patterns and also to 

predict the function of the proteins. There is not much known about the actual function 

of these molecules, and their ligands are still unknown, even so, they have been 

implicated in inflammation and autoimmunity. 

 

From the studies included in this thesis we can add distinct information to the 

knowledge of DCIR function and regulation in relation to a human complex disease 

such as RA and in immunity in general. 

 

C-type lectin receptors have been demonstrated on a wide spread of immune cells. We 

could confirm this finding with regards of DCIR protein expression. DCIR was 

detected on almost every immune cell in blood, synovial fluid and synovial tissue. 

Interestingly, we could furthermore detect DCIR on a small but distinct population of T 

cells. No type II C-type lectin receptor has previously been shown to be expressed by T 

cells in vivo or in relation to human disease. When further characterizing this subgroup 

of DCIR+ T cells we could determine a significant difference in the protein expression 

pattern of T cells from blood compared to synovial fluid. The DCIR+ T cells in the 

circulation were primarily CCR7+ and CD62L+, but either naïve (CD45RO-) or 

activated/memory (CD45RO+). In contrast, two different DCIR+ memory T cell 

populations were found in the synovial fluid, being either CD62L+ or CD62L-. Further 

more, the DCIR+ T cells in blood and synovial fluid co-expressed FOXP3, with 

minimal overlap with the classical Treg marker CD25. Our data suggest that the 

DCIR+FOXP3+CD25low T cells could represent a unique subset of Tregs in the 

rheumatic joint. 

 

We have shown that DCIR is associated with a subgroup of rheumatoid arthritis 

patients negative for autoantibodies against citrullinated proteins. Even though we 

could not find a functional variation, our association, based on haplotype analysis, 

provide a robust indication that this genetic region is of interest in relation to arthritis. 



GENETIC AND IMMUNOLOGICAL STUDIES OF DCIR IN INFLAMMATORY ARTHRITIS 
CONCLUDING REMARKS 

 

   - 43 -

Splicing of mRNA isoforms and the balance between them could be of vital importance 

for the effect of protein function. We demonstrate that common genetic variations may 

influence the balance between different DCIR mRNA transcripts, and that by 

stimulation with a pro-inflammatory cytokine such as INF-  a general down-regulation 

of DCIR mRNA isoforms can be induced. This influence was not specific for RA, 

however, but rather demonstrated a basic biological feature in the human genome. 

 

In conclusion, our genetic and immunological studies indicate the significance of DCIR 

in immune signalling pathways and in relation to the development of inflammation. 
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FUTURE PERSPECTIVES 
 

 

PAPER II AND III 
Since there is a shortage of information concerning function and regulation of DCIR in 

general, there are so many interesting things to be done. Solely from our data, many 

questions emerged that would be of interest to pursue. 

 

As a starting point, it would be interesting to investigate the suppressive potential of 

DCIR+ versus DCIR- T cells isolated from synovial fluid of patients with inflammatory 

arthritis. In addition, find out the cytokine profile of these cells.  By the use of siRNA 

approaches we could further clarify whether the expression of DCIR is of functional 

importance for the suppressive capacity of the DCIR+ T cells.  

 

Another issue that we tried to address, but failed to answer, was the transcript analysis 

of DCIR isoform v2 and v3. To do that, we need to extract more cells from synovial 

fluid samples by cell sorting for subsequent RNA extraction. One limitation is the low 

number of DCIR+ cells in the samples. 

 
PAPER I AND IV 

Since we cannot exclude that our results reflect an association with a variation from a 

gene or genes unrelated to the C-type lectin-like receptors inside APLEC, it would be 

of interest to extend the numbers of genetic variations to be analyzed, inside the 

APLEC region. The data from paper IV does not give us conclusive information about 

causal variation, but builds up a solid background for further vector based analysis of 

the region, for example, by using minigene constructs. 
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